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I hereby certify that this correspondence is being deposited with the United States 
Postal Service as first class mail in an envelope addressed to Mail Stop Amendment, 
Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on December 
23, 2005. T y 




Barbara J. Carta#Ph.D. 



Mail Stop Amendment 
Coxnmissic ner for Patents 
PO Box 1450 

Alexandria, VA 22313-1450 



Dear Sir: 



DECLARATION OF JIANG JI, PH-D. IN SUPPORT OF 

APPLICANT'S RESPONSE 
[37 C.RR. § 1.132] 



In support of the accompanying response to the Office Action mailed October 1 1 > 

2005 in the above-reference matter, I hereby declare as follows: 

i 

/. My name is Jiang Ji, Ph.D. I am the inventor of the subject matter of the above 
patent application and am an inventor or co-inventor on a number of other patents and 
pending patent applications involving membrane technology, including U.S. Patent Nos. 
6,596,167 and 6,890,435 and US Application Serial Nos. 10/604,664 and 10/857,531. I 
have a Ph.D. in Organic/Polymer Chemistry from McMaster University, Hamilton, 
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Ontario, Can ida and I am an internationally known scientist in the field of membrane 
science and tschnology and am an author or co-author of a number of publications 
involving membrane technology, including, 



(iii) 



(iv) 



(v) 



J. Ji, and M. Mehta, Mathematical Model for the Formation of Thin-Film 
Composite Hollow Fiber and Tubular Membranes by Interfacial 
Polymerization, J. Merob. Sci., 192, 41-54, (2001). 

Jj. Ji, J. M. Dickson, R. F. Childs, and B. E. McCarry, Mathematical Model 
fbr the Formation of Thin-Film Composite Membranes by Interfacial 
Polymerization: Porous and Dense Films, Macromolecules, 33, 624-633, 
(2000). 

J. Ji, B. J. Trunsinski, R. F. Childs, J. M. Dickson, and B. E. McCarry, 
Fabrication of Thin-Film Composite Membranes with Pendent, Photoreactive 
Diazoketone Functionality, Journal of Applied Polymer Science, 64, 2381- 
2398. (1997). 

,r. Ji, R F. Childs, M Mehta, Mathematical Model for Encapsulation by 
interfacial Polymerization, J. Memb. ScL, 192, 55-70, (2001). 
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Ji, M. Fei, G. Fan, J. Chen, G. Li, and W. Xiu. The Nucleation of Organic 
kdditives in Membrane Casting Solution (I), The Theory and Direct 
Evidence, Desalination, 85, 297 -320, (1992). 



(vi) J, Ji, and J. Chen, Study on Interaction between PBIL Membranes and 
Organic Solutes, Desalination, 78, 389 - 396, (1990). 

(vii) J. Ji, M. Sun, M. Fei, and J. Chen, Study on the Interaction between 
Membranes and Organic Solutes by the HPLC Method, Desalination, 71, 107 

1-126,(1989). M . ,_ , 

Heteropoly Acid, Chemical Abstract, 108, 1 1 1705b (1 988), Chemical Journal 

of Chinese Universities, 6, 165, (1987). 
My further credentials are set forth in my Curriculum Vitae, which is attached as Exhibit 



A hereto. 



I 



have read the action of October 1, 2005. This declaration is provided to 



distinguish the presently claimed membranes and methods of preparing and using such 
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membranes from 



the cited art, and explain why the presently claimed invention is novel 



and non-obvious over the cited art. 

3. I have carefully reviewed your comments and the cited patents, and I realize that 
it is necessary to make some clarifications. 1 am aware of the prior arts you cited, they 
may appear iL be related to my invention, but they do not provide teaching that will lead 
to my invention. In contrast, my invention has discovered novel membranes and novel 
methods for Laking said novel membranes to overcome the problems that the prior art 
was unable Jo solve or did not encounter at the time. My invention has significantly 
advanced th > art of membrane fabrication processes and has produced novel membranes 
that show Juch more advanced properties than the prior art. 

[following is my detailed response to the Examiner's comments in the pending 



4. 



The 



Office Action of October 3, 2005. First, I would like to explain the claimed invention 



in 



from a cheriical reaction perspective. 

5. Firs :ly, the chemical compositions of the membranes of the present invention are 
different from those of prior art, in particular, patent '039. Under the conditions utilized 

the presit invention, poly(vinyl butyral^-vinyl-alcohol-vinyl acetate), a key 
ingredient If the membrane formulation in Examples 1, 2 and 3 of the present invention, 
reacts with each other catalyzed by aluminum chloride, another key ingredient of the 
membrane formulation, to form crosslinks three dimensional network, which entangle 
with poly(vinylidene fluoride) (PVDF) network to strengthen the membrane in the 
present invention. In addition, aluminum chloride also reacts with polyvinyl butyral-co- 
vinyl-alcoL-vinyl acetate) to form crosslinked poly(vinyl butyral-co-vinyl-alcohol-vinyl 
acetate) network having O-At-0 linkages. In this reaction, aluminum chloride plays a role 
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of both reactaot and catalyst. Polyvinyl butyral-co-vinyl-alcohol-vinyl acetate) also 
reacts with polyester braid catalyzed by aluminum chloride to form ester linkage, acetal 
linkage and > Al-0 bridge to make the membrane permanently bond to polyester braid 
through covalent bonding. The above reactions of the present invention are totally 
different frcjn those disclosed in U.S. Patent 5.914,039, where both base and acid are 
needed in older to get PVDF reacted with polyvinyl alcohol. Thus, the present invention 

■ 

is more advanced than the art disclosed in patent '039. 

6. Secondly, the polymeric particles, such as 70 micrometer poly(acrylonitrile-co- 
mathacrylonitrile) particles and crosslinked polyvinylpyrrolidone particles, as key 
components of the membranes of the present invention render the membranes with much 
high flux tl an the calcined a-dumina particles in patents '039 and '044. The pure water 
permeabiliiy as high as 227 gfd/psi is obtained from the present invention, which is more 
than 4 times higher than the highest permeability of 50 gfd/psi disclosed in column 12, 
line 2 of ps. tent '039. 

7. Thirdly, the adhesive is covalently bonded to both the braid and the membrane, 
i.e., the adhesive layer is sandwiched between the membrane and braid by covalent 

j 

bonding as depicted in Fig. 2 of the present invention to form an adhesive reinforced 
composite membrane. This is clearly different from Fig. 3 of patent '039, where a single 
layer membrane made from the same polymer is inaccurately or incorrectly described as 
four layers, 35, 36,37 and 38. The further clarification is given in the answers to your 
questions jin claim rejection section. 

8. Chim Rejections-35 USC§ 102(b) The Examiner asserts that "[c]laims 1-6, 8, 9 
are rejected under 35 U.S.C. 102 (b) as being anticipated by Mahendran et al (US 
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5,914,039) (hereinafter '039) " (see Office Action, p. 3). In response to 

the above comment, I have carefully examined patent '039 and found that '039 does not 



teach the pro 



cess 



about how to make defect free composite membrane nor the defect free 



embraces claimed in the present invention. 



composite u 

9. Fig. 3 of patent '039 shows a sketch of membrane cross section, it has multiple 
regions withj different porosity. Although the sketch in Fig. 3 of patent '039 looks 

irailar to the sketch in Fig. 2 of the present invention, actually it is totally 



somewhat s 



different aft sr careful examination and comparison. In fact, in Fig. 3 of '039, elements 
35, 36, 37, : 8 are formed from the same polymer by coagulation, they are simply detailed 
porous stniJtures formed from the same membrane casting solution as shown by a 
scanning electron photomicrograph in Fig. 4 of 6 039, the detail description is given in 
column 8, lines 21-39 of *039. Let me emphasize on this point by quoting column 8 lines 
28-33 of ^039: "... as evident in great detail in the photomicrograph FIG. 4. The skin is 
very thin, dLnse layer of polymer formed as dope contact the coagulant. By reason of the 



manner 



in \yhich ihe skin and each layer is formed from the same polymer, the layers 



have, in a radially inward direction from under the skin to the braided yam 39 which 



defines the 



bore 32, progressively larger pores." This means that these Layers, 35, 36, 37, 
38 of '039 are formed from a single membrane casting solution in a single coagulation 
process at the same time, there is no difference in chemicai composition between regions 
having different pore size and pore size distribution. The sketch shown in Fig. 3 of 4 039 
is an incorrect representation of the true membrane structure shown in Figs. 4 and 5 of 
^039. Furtl ermore, '039 does not teach using covalent bonding between braid and coating 
layer to make a defect free membrane. 



5 



PAGE 14/45 ' RCVD AT 7/18/2006 3:01:24 PM [Eastern Daylight Time] * SVR:USPTO-EFXRF-2/19 ' DN!S:2738300 ' CSID:61 74280796 ' DURATION (mnws):12-32 



07/18/2006 15:02 FAI 6174280796 



Bromberg and Sunsteln 



@015 



10. In contrast to the teaching of '039, the three layers shown in Fig. 2 of the present 
invention are made by coating two solutions in two sequential steps in a single spinneret 
shown in Fig. 1 of the present invention. The first coating 22 covers the rough surface of 
the braid 20 ind provides sooth surtace for second coating 21. On one hand, the first 
coating 22 provides covalent bonding with the braid 20 to anchor the coating 22 onto the 
braid 20 permanently; on the other hand, the first coating 22 also provides covalent 
bonding with the second coating 21 to form a composite membrane reinforced by 
covalent bonding within the adhesive layer; within the membrane layer; and between the 
braid and adhesive layer; as well as between the adhesive and membrane layers. Thus, the 
composite membranes of the present invention are not only structurally (physically) 
different, but also chemically different from those disclosed in patent *039. 
7 1 . PaJnt '039 does not reveal membrane defect and adhesion problems between the 
braid and n embrane nor the impact of braid physical structure on membrane 
performance, but US Pat. No. 6,354,444 (hereinafter patent '444), which is a 
continuation-in-part of patent '039, issued to the same group of inventors does indeed 
reveal the problems associated with membrane adhesion, braid physical structure, and 
pin-hole defects in columns 1 lines 25-67 and column 2 lines 1-36. A method to address 

■ 

these issues is disclosed by emphasis on using different physical structures of braids, Fig. 
1 A-C, column 2 lines 49-67, column 3 lines 1 - 35 and claims 1-1 1 of '444. 
12. Jape present invention, these critical problems alluded to in the previous 

i particular, membrane defects and insufficient membrane adhesion to the 



paragraph, 

support, have been solved using chemical reaction approach and sequential multiple-layer 
coating in a single spinneret. The novel approach of the present invention has not been 
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taught by the teaching of ' 039 nor '444, allhough a complex of PVDF with calcined a- 

i 

alumina particles and polyvinyl alcohol are used to make braid support membranes. '039 
and *444 do hot teach using covalent bonding and multiple coatings to strengthen 
adhesion and to eliminate membrane defects. Instead, '444 chooses the physical approach 
using different braid structure to improve membrane adhesion, this physical approach of 



*444 i s far less effective than the chemical approach of the present invention. Thus, the 

i 

present invention provides more advanced membranes than the prior art in terms of 
membrane integrity, selectivity and flux. The pure water permeability as high as 227 
gfd/psi is oVrtained from the present invention, which is more than 4 times higher than the 
highest permeability of 50 gfd/psi disclosed in column 12, line 2 of patent '039. 

Examiner asserts that "Adding other polymeric additives is also disclosed, 



13. 



The 



e.g. polymeric derived salts; sulfonated polysulfone (column 7, lines 58-65)." However, 
all of the polymeric additives described in column 7, lines 58-65 of patent "039 are water 
soluble, anl so they will be eventually washed out of the membrane matrix during 
separation/filtering processes. Therefore, the impact of these water soluble polymeric 
additives on membrane performance is temporary; as a result, the membrane performance 
of '039 becomes worse and worse over time due to the loss of hydrophilic additives. 
14. In contrast, the hydrophilic polymeric additives, 70 micrometer poly(acry lonitrile- 



co-mathacrylonitrile) particles and crosslinked polyvinylpyrrolidone particles, and 
polyvinyl butyral-co-vinyl-alcohol-vinyl acetate), are not soluble in water, so they are 
permanently embedded inside the membrane; the crosslinking reaction of polyvinyl 
butyral-co-vinyl-alcohol-vinyl acetate) catalyzed by aluminum chloride make such an 
embedment even stronger. Thus, the membranes of the present invention have long 
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lasting hydiophilic components and excellent hydrophilicity, and thus, the membranes of 
the present invention are more advanced than those disclosed in patent *039. 
15. The Examiner alleges that "Claim 2 is also disclosed (column 8, lines 30-34)." 
But, as discussed above, die chemical composition of the membranes of the present 



invention is different from those disclosed by patent '039; thus, the membranes of the 
present invention show much more advanced separation performance than those 



disclosed by 



039 in terms of flux, selectivity and integrity. 



16. The second half of the claim 2 of the present invention, i.e. "The membrane of 
claim 1 } whlrein said middle layer and said outside barrier layer are formed 

fi- om different coating solutions. " is clearly different from that described in 

column 8, liae 23-34 of '039, where so called "layers" are actually different porous 
regions of tie same single layer membrane formed from the same polymer (column 8, 
lines 3 1 -32). In other words, the *039 authors incorrectly or inaccurately described the 
different porous regions of a materially same single layer membrane, which real structure 
is shown imFigs. 4 and 5 of '039, as a multiple-layer membrane in Fig. 3 of patent c 039. 

17. In c jntrast to '039, the membrane claimed in the second half of claim 2 of the 
present invention is a true materially different multiple-layer membrane, each layer has 
distinct chemical composition; the said middle layer is an adhesive, the said outside 
barrier layer is made of dope I consisting of polyvinyl butyral-co-vinyl-alcohol-vinyl 
acetate), aliuninum chloride, 70 micrometer particles of poly(acrylonitrile-co- 
methacrylonitrile), polyvinylpynoUdone, and poly(vinylidene fluoride-co- 
hexafluoropropylene) (PVDF-HFP). In addition, aluminum chloride also reacts with 
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poly(vinyl blityral-co-vinyi-alcohol-vinyl acetate) to form crosslinked poly(vinyl butyrai* 

co-vinyl-alcihol-vinyl acetate) network having O-Al-O linkages. 

18. The membrane of the present invention is schematically illustrated in Fig. 2, 



which is a trlie multiple-layer membrane. The polyester braid provides mechanical 
support; PVDF-HFP entangled with three dimensional network of crosslinked polyvinyl 
butyral-co--viinyl-alcohol-vinyl acetate) forms a barrier layer to provide selective 



invention is 



it is normal 
19. The 



separation; and middle adhesive layer formed from specially formulated adhesive, 

chemically bonds the outer barrier layer and inner braid support together to form a 

reinforced composite membrane. The middle adhesive layer of the present invention is 

different frcm the conventional adhesive in that the middle adhesive layer of the present 

permeable to fluid, while the conventional adhesive is not permeable to fluid, 

y used to seal membrane when making a membrane cartridge. 

first half of the claim 2 of the present invention, i.e. "The membrane of claim 

1, wherein said middle layer and said outside barrier layer are formed from the same 
i 

coating solntion" is also different from that described in column 8, line 3-34 of patent 

i 

'039 in thai the chemical composition of the present invention is different from that of 
'039. In th; present invention, polyvinyl butyral-co-vinyl-alcohol-vinyl acetate) is used 
as a key ingredient of the membrane, which reacts with each other catalyzed by 
aluminum chloride to form a crosslinked three dimensional network through covalent 
bonding ofi acetyl bond linkage. The crosslinked three dimensional network of polyvinyl 
vinyl-alcohol-vinyl acetate) entangles with PVDF-HFP network to strengthen 



butyral-co- 



the membrane in the present invention. 
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20. In addition, aluminum chloride also reacts with polyvinyl butyral-co-vinyl- 

■ 

alcohol-vinyl acetate) to form O-Al-O bridge to crosslink multiple polyvinyl butyral-co- 
vinyl-alcoho|l^inyl acetate) macromolecules together. In this reaction, aluminum chloride 
plays a role of both reactant and catalyst. More importantly, poly(vinyl butyral-co-vinyK 
alcohol-vinyl acetate) reacts with polyester braid catalyzed by aluminum chloride to form 
ester linkage, acetal linkage and oxygen-aluminum-oxygen bridge to make the membrane 
permanently attach to polyester braid. In this reaction, aluminum chloride again plays a 



role of both 



reactant and catalyst. 



21. Therefore, the defect free composite membranes claimed in claims 1 and 2 are 
totally different from those disclosed in patent '039 in terms of both chemical 
composition and physical structure. Thus, the membranes of the present invention have 
much more advanced features than those disclosed by the prior art of * 03 9 . 

22. With respect to the Examiner's assertion "RE: claim 3, the middle layer is formed 
from organic polymer, e.g. hydrophilic PVDF (column 7, second paragraph)", there are at 
least two major differences between the claim 3 of the present invention and what is 
described in column 7, second paragraph of patent '039. 

23. (1) The claim 3 of the present invention emphasizes on the middle layer, "which 
has excellent compatibility between the support and the barrier layers to bond them 

The prior art described in column 7, second paragraph does not mention to 



together, 
bond the 



membrane with the braid support at all. In other words, patent '039 does not 



teach to tx nd the membrane with the support. As pointed out above, patent '039 does not 
reveal membrane defect and adhesion problems (delamination problem) between the 
braid and : nembrane nor the impact of braid physical structure on membrane 
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group 
adhesion, i.e 



performance, but US Pat No. 6,354,444 (hereinafter patent f 444) issued to the same 
of inventors does indeed reveal the problems associated with poor membrane 



claims 1-11 



membrane delamination, braid physical structure, and pin-hole defects in 



columns 1 lines 25-67 and column 2 lines 1-36. 

24. A m ;thod to address these issues is disclosed by emphasis on using different 
physical strictures of braids, Fig. 1 A-C, column 2 lines 49-67, column 3 lines 1- 35 and 

of '444. In contrast to the teaching of '039, claim 3 of the present invention 
bonding membrane with the support by adhesives and other organic and 



describe the 



inorganic materials which have bonding capacity similar to expoxy, polyurethane, 

I 

silicone and other adhesives. 

25. (2) Claim 3 of the present invention describes the middle layer of the membrane is 

selected fr In the group of consisting of expoxy, polyurethane, silicone and other 

adhesives, including other organic and inorganic materials which have bonding capacity 

similar to adhesives. The prior art described in column 7, second paragraph does not 

teach using; adhesive at all, instead describes PVDF/a^Aluminum complex, which does 
i 

■ 

not provide bonding between the membrane and support as revealed by the same group of 



inventor in 



a subsequent US Patent No. 6,354,444. 



26. The refore, the prior art described in column 7, second paragraph of patent '039 
does not teach claim 3 of the present invention. In contrast, claim 3 of the present 
invention ilaims much more effective composition of matters than the prior art of '039 to 
bond che iiically and physically membrane and support together. 

27. Wi h respect to the Examiner's assertion that the "Limitation of claims 4-6 are 
farther disclosed in patent c 039 (see column 7, lines 1-36)", membrane performance is 
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detennined by a membrane' s chemical composition and physical structure. Id column 7, 
lines 1-36, oflpatent '039, only PVDF is used as a major component, which forms 
complex with ct-Al, (PVDF/a-Al complex). In contrast, the major component of the 
membrane of the present invention is selected from a group that is far broader than 
PVDF, as described in claim 4, although PVDF is included. Such a group of polymers 

offers unique and dramatically different performance from those disclosed in '039, e.g. 

i 

poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) is stable under P H-14 
condition, wiile PVDF is only stable under pH=-12 or less. 

28. Thus, the membrane made of poly(vinylidene-co-hexafluoropropylene) of the 
present invention is more stable than those PVDF membranes disclosed in patent '039. 
On the othej hand, the membranes made of poly(acrylonitrle-co-butadiene-co-styrene), 

poly(vinyu<Le-co-^ 

methycrylate) of the present invention are more resistant to oil and oily waste water than 



those PVDJ 



membranes of patent '039. 



29. The minor component of the membrane of the present invention as claimed in 
claim 5 is a so significantly different from those used in '039. For example, polyvinyl 

birryral-co-iinyl-alcohol-vinyl acetate) can be easily crosslined to form 3-dimensional 

i 

networks under the conditions used in the present invention to make membrane more 
stable than Lose of '039. Even polyvinyl alcohol), sulfonated polysulfone and cellulose 
acetate used in the present invention react with aluminum chloride or undergo the 
different crfasslinking reactions catalyzed by aluminum chloride. That is totally different 



from the membranes of '039. 
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30. The polymeric particles of claim 6 are totally different from the calcined a- 

alumina of ^39. Calcined a-alumina are very porous materials and are normally used as 

i 

absorbents, ks a result, the membranes of patent '039 having a-alumina as additives are 



easy to foul [by absorbing the suspended particles and other fouling materials from 
solution. In contrast, the water insoluble but hydrophilic polymeric particles as 
membrane additives of the present invention do not absorb those fouling materials easily; 
thus, the membranes of the present invention experience much less fouling than the 
membranes pf '039. 

3L Furthermore, calcined a-alumina particles precipitate out of the membrane 



calcined 



in a membrane casting solution changes with time in patent '039, 



solution in one or two days time period. That means that the concentration of the 

i • • 

a-alumma u 

which resulls in a larger variation in membrane performance. In contrast, the polymeric 
particles used in the present invention do not precipitate and so the membrane casting 

i 

solution is \jery stable over time. Such a stability is very important to a large scale of 
membrane production. 

32. Regarding the Examiner's comment "Re: claims 7-9, the membrane in tubular or 
hollow fiber shape is disclosed (column 1, lines 1 1-26, column 1 1, lines 39-54, claim I)", 
the tubular and hollow fiber membranes are not new, they existed even before patent 



'039. What 



is new in the present invention is that, as discussed above, the chemical 



compositions of the membranes of the current invention are significantly different from 
those disclosed by patent '039. Thus, the membranes of the present invention show much 
more advanced performance than those disclosed by 6 039, in terms of flux, selectivity 

J 

and integrity. The proper combination of multiple components and processing conditions, 
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under whichlhe membrane is formed, is very important to determine membrane 
characteristics. 

33. Regarding the Examiner's comment "Re: claim 12, the claimed membrane 
properties are disclosed in column 10, lines 45-56).", in column 10, lines 45-56 of patent 
'039, the membranes described have 500 ft 2 area, the highest specific flux is 36.6 
GFD/psi, an] no burst pressure is described. In contrast, claim 12 of the present 

lima a membrane, which has a burst pressure of 10-500 psi regardless the 
membrane Jea; apure water flux up to about 500 gfd/psi, which is much higher than 
36.6 GFD/pJi as described by '039; and, retention of P oly(emylene oxide) molecular 
weight markLr having an average molecular weight of 200,000 daltons. The retention is 
not mentioned at all in column 10. lines 45-56 of patent '039. The novelty and 
inventiveness of the present invention to eliminate membrane defect and to overcome 
membrane delamination problem by double layers coated one on top of another in 
sequence in a single spinneret; and by covaient bonding between the support and coating 
layers is acknowledged by the Written Opinion of the International Searching Authority 
for the copending PCT application (PCT/US04/25374), a copy of which is attached 
herewith as Exhibit B. 

34. Clam Rejections^ USC § 103(a) Regarding the Examiner's comment: "4. 
Claim 1 0-1 1 is rejected . . coating a sphere is not new. What is new in the present 
invention is coating a sphere with multiple reactive coating layers to give a unique 
spherical defect free membrane, which has a chemical composition and separation 
properties similar to its hollow fiber and flat sheet counterparts. 
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35. In patent '039, the calcined alumina particle size (<5 micrometer) is much smaller 
than the thickness of the film. The particles are used as film fillers, and are suspended in 
the casting solution. This is different from coating a sphere. When coating a sphere, the ' 



thickness of 



The volume 



the coating layer is normally much smaller than the diameter of the sphere, 
ratio of coating layer to coated particle is extremely small in the present 



invention, thus the properties associated with this ratio is quite different from that of 



patent '039, 



where the volume ratio of film layer to film particles is huge, and the 



thickness ofjthe film is about 20 times larger than the size of calcined alumina particle. 



US Pat. No. 



5,766,473 discloses the coating of thermally formed polyethylene and 



polypropylene microfiltration membranes with tactic hydrophilic polyvinyl alcohol). On 
a micro scale, polyethylene and polypropylene membrane have a microporous structure, 
the fibrous |olyethylene and polypropylene are connected by randomly shaped knots to 
form a threJ dimensional network. Tactic polyvinyl alcohol) covers these fibrous knots 
to form a shjell on the outer surface. Enzymes as oxygen scavenger are loaded onto the 
poly(vinyl alcohol) shell. On a macro scale, the membranes of patent '473 have flat sheet 
geometry. 

36. The m^jor differences between the present invention and patents '473 and '039 



are as follows: In the present invention, there are three different scenarios: 

37. (1) for a spherical support, which has reactive groups, such as esters, the support 



is first coated by a reactive casting solution, which reacts with the support to form 
i 

covalent bo iding to permanently bond the coating layer to the support; such covalenfly 
bonded firs? coating layer is coated with a second reactive layer that reacts with the first 
coating layer to foim a defect free composite membrane with covalent bonding and 
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crosslinking 



to strengthen the defect free composite membrane. As described above, in 



the present invention, poly(vinyl butyral-co-vinyl-alcohol-vinyl acetate) is used as a key 



ingredient of the membrane, which reacts with each other catalyzed by aluminum 
chloride to form a crosslinked three dimensional network through covalent bonding of 
acetyl bond linkage and O-Al-0 linkages. The crosslinked three dimensional network of 
polyvinyl bmyral-co-vinyl-alcohol-vinyi acetate) entangles with PVDF network to 
strengthen thle membrane in the present invention. 



38. 



In adki tion, 



alcohol-viny 



aluminum chloride also reacts with poly(vinyl butyral-co-vinyl- 



acetate) to form O-Al-O bridge to crosslink multiple polyvinyl butyral-co- 



■ 

vinyl-alcohol-vinyl acetate) macromolecules together. In this reaction, aluminum chloride 
plays a role ©f both reactant and catalyst. More importantly, poly(vinyl butyral-co-vinyl- 

* 

■ 

alcohol-vinyl acetate) reacts with polyester braid catalyzed by aluminum chloride to form 

: 
■ 

ester linkage^ acetal linkage and oxygen-aluminum-oxygen bridge to make the membrane 



permanently 



attach to polyester braid. In this reaction, aluminum chloride again plays a 



role of both reactant and catalyst 

j 

For a 



39. (2) 



spherical support, which do not have obvious reactive groups, the 



support is fiijst coated by a reactive adhesive layer which is not cured or partially cured 
during coating, the adhesive penetrates into the support. This reactive first coating layer 
is coated agiin with a second reactive layer, which reacts with the first coating layer to 
form a defect free composite membrane strengthened by covalent bonding and 
crosslinking 'within and between the layers, 

40. (3) For a support, which has reactive groups, such as esters, the support is first 
coated by a Jeactive adhesive layer which is not cured or partially cured during coating, 
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the reactive udhesive reacts with ester group to form covalent, the adhesive also 
penetrates into the support and reacts with each other to form crosslinked first coating 

■ 

;ovalently anchored onto the support, which is coated again with a second 



layer which 



reactive layer, which reacts with the first coating layer to form a defect free composite 

membrane s lengthened by covalent bonding and crosslinking. 

41. Thus, the spherical membranes of the present invention are structurally 



(physically) 



and chemically different from those of prior art. The present invention 



emphasizes using reactive multiple coating layers, one layer on top of another, and 
covalent bonding and cross linking to make defect free composite membranes which have 



much highej: flux, integrity and selectivity than those membranes disclosed in patents 



£ 039 and 4 473. The membranes disclosed in patent *473 are for oxygen removal, thus do 
not have liquid separation properties. This is totally different from the present invention. 
Thus, patent '473 does not provide teaching for the present invention. 

42. Reg irding the Examiner's comment that "Claims 2 and 3 are rejected under 35 
U.S.C. 103 1(a). careful examination of patent '039 indicates that patent '039 actually 
discloses a coating solution of the same polymers. In example 1, column 11, line 1 to 36 
of patent fi 0B9, the detailed formulation of the coating solution of the same polymers and 
a dope preparation procedure are described. In example 2, column 1 1 line 42 "The dope 

formed in Example 1 is fed to a nozzle H . US Patent No. 6,024,872, which 

is a division of patent 6 039, also discloses the detail formulation of coating solution of 
different pc lymers and dope preparation procedure. 

43. Regarding the Examiner's comment that "Patent '193 teaches a braided support 
impregnate d and coated with a first polymer, coating the support to form a layers on the 
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braided polymeric material, and further using the coated support to canst a film on a 
additional polymeric membrane, to increase the thickness of the membrane is disclosed 



(see entire disclosure, in particular calims 1, 8-1 1 and 21)", after having carefully 
examined patent 1 193 and the entire disclosure, in particular claims 1. 8-11 and 21, 1 

is necessary to clarify the difference between the present invention and 



found thai it 



patent* 193. 



follows: In 



44, The major differences between the present invention and patent 4 193 are as 



the present invention, there are three different scenarios: 



45. (1) For a support, which has reactive groups, such as esters, the support is first 



coated by a 



bonding to 



reactive casting solution, which reacts with the support to form covalent 



ermanently bond the coating layer to the support; such covalently bonded 



first coating layer is coated with a second reactive layer that reacts with the fust coating 
layer to form a defect free composite membrane with covalent bonding and crosslinking 
to strengths n the defect free composite membrane, 

46. (2) for a support, which do not have obvious reactive groups, the support is first 
coated by A reactive adhesive layer which is not cured or partially cured during coating, 
the adhesive penetrates into the support. The first reactive coating layer is coated again 
with a seco id reactive layer, which reacts with the first coating layer to form a defect free 
composite jnembrane strengthened by covalent bonding, crosslinking and covalently 
anchoring onto the support 

47. (3) For a support, which has reactive groups, such as esters, the support is first 
coated by q reactive adhesive layer. Before the first reactive coating layer is cured, it is 
coated again with a second reactive layer, which reacts with the first coating layer to form 
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a defect free composite membrane firmly anchored onto the support by covalent bonding 
and crosslinking. 

48. The membranes of the present invention are also physically and chemically 
different froip those of disclosed in the patents cited by the examiner. In the present 
invention, ths adhesives including epoxy, polyurethane, silicones react with both 
membrane and support to covalently bond the membrane and support together to form a 



support reinforced membranes, which are much stronger, much more permeable, and 
much more selective than those disclosed in prior art. More importantly, the prior art does 
not provide teaching that will lead to the present invention. 

49. The coating processes of the present invention for making defect free composite 
membranes kre much more advanced than those disclosed in prior art, in particular, 



patents 6 03 9 



and 193. The coating processes of patent '193 are manual processes. The 



tubular membranes claimed in patent ' 193 arc prepared by a non-continuous batch mode 
at very slow coating speed, the longest tube disclosed in ■ 193 is44 ft long. 

■ 
i 

50. The coating process of patent '039 are described in column 3 lines 5 1-64, and in 
column 1 1 lines 40-60. A tubular braid is coated with a layer of dope containing calcined 
a-alumina p articles, polyvinyl alcohol and PVDF at a speed of 40 ft/min, coagulated in 



water to form a braid support membrane. No ultrasonic wave stirring is used to fecilitate 



phase inversion. 

51. In contrast, the membrane of the present invention is prepared by coating a braid 
with two reactive layers simultaneously in a single spinneret, one layer on top of the 
other, at a coating speed as high as 100 ft/min or higher. The ultrasonic wave generators 
are used to Drovide ultrasonic agitation in coagulation bath to fecilitate mass transfer 
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between cad membrane and coagulation liquid to speed up phase inversion from liquid to 
solid of the cast membrane. Thus, the membranes are coated at much higher speed in the 
present invention than prior art The membranes in the present invention are produced in 

I 
I 

a continuous mode. The membranes are collected by two interchangeable membrane 
take-up wheels, when one is full, switching to another, the process can be operated 
around the clock, 24 hours a day, 7 days a week. The coating processes of the present 
invention ar s much more efficient and much more productive those disclosed in the prior 
art. 

5 2. Thus, the present invention emphasizes on using reactive multiple coating layers, 
one layer on top of another, covalent bonding and cross linking to make defect free 
composite membranes which have much higher flux, integrity and selectivity than those 



membranes 



disclosed in patent '193. 



■ 

53. Thelabove discussion clearly shows that the novel membranes and novel 

i 

I 

processes for making said novel membranes of the present invention are much more 



advanced than those disclosed in prior art. The prior art does not provide teaching that 



will lead to 



the present invention. Thus, even the people who are skilled at art cannot 



develop of the same membranes and processes of the present invention by following the 

! 

teaching of the prior art. 

54. In conclusion, the membranes of the present invention are different in chemical 
compositions and physical structures from the membranes disclosed in the prior art. And 
more importantly, the membranes of the present invention show much higher water flux 
and much ligher burst pressure than the membranes disclosed in the prior art. Some of 
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the prior arts may appear to be relevant, actually these prior arts do not provide any 
teaching that will lead to the present invention. 

J J. I hei eby declare that all statements made herein are of my own knowledge and 
that all statements made on information and belief are true; and further that these 
statements i re being made with the knowledge that willful false statements and the like 
so made ar^ punishable by fine or imprisonment or both under Section 1001 of Title 18 of 
the United States Code and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 



hLYOurs, 




Dated: December^ > 2005 



Jiang Ji 

Tel: (603) 560-2147 
Fax: (603) 458-1483 
Email: j i i iang@comcast. net 
4 Hawk Drive 
Salem, NH 03079 



03071/00103 455309.1 
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Exhibit A 



Jiang Ji, Ph.D. 

Member of American Chemical Society 
Member of North America Membrane Society 



EXPERIENCE 
June 2004 - Present 



Sept 1998 -May, 2004 



Sept 1995 - Sept 1998 



March - Aug. 1989 



Staff Scientist 

Amersham Biosciences, GE Healthcare 
General Electric Company 
Westborough, MA 01581 

Research and development of cutting edge technology 
and products for purification of cervical cancer vaccine 

Senior Polymer Scientist 

Koch Membrane Systems Inc., Koch Industries, Inc. 
Wilmington, MA, USA 

Research and development nf reverse osmosis (RO), 
nanofiltration (NF), ultrafiltration (UF), and 
microfiltration (MF) membranes having different 
geometries, ranging from hollow fiber, tubular to flat 
sheet membranes for water purification, wine filtration, 
juice filtration, and other applications in biotech, 
pharmaceutical, food and chemical industries 

Senior Research Chemist 

Zenon Environmental Inc., ON, CANADA 

Research and development of braid reinforced hollow 
fiber membranes and tubular membranes for drinking 
water purification, wastewater treatment and other 
applications in auto, food, biotech, pharmaceutical and 
chemical industries. 

Visiting Research Scientist 
University of Oxford, UK 

Study of natural phospholipid vesicles/transition metal 
catalysts 
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Sept. 1988 - 



Feb. 1989 



Visiting Research Scientist 

University of Ottawa, CANADA 

Study on reverse osmosis membranes and 
nanofiltration membranes 



June 1986 - Aug. 1988 

I 



o 



July 1985 - May 1986 



EDUCATION 
Sept. 1989 - Aug. 1995 



Sept. 1982 



- July 1985 



March 1978 -Jan. 1982 



I 



Research Scientist 

Dalian Institute of Chemical Physics 
Chinese Academy of Sciences 

Fundamental research on membrane formation, 
membrane transport mechanism and interactions 
between membrane and separated solutes 

Lecturer 

Dalian University of Technology 

Teaching physical chemistry and chemical engineering 



Ph.D. Organic/Polymer Chemistry 

Department of Chemistry 

McMastcr University, Hamilton, ON, CANADA 

Ph.D. Dissertation: 

Fabrication and Photochemical Surface Modification of 
Photoreactivc Thin-Film Composite Membranes and 
Model Development for Thin Film Formation by 
Interfacial Polymerization 

MJEng, 

Department of Chemical Engineering 
Dalian University of Technology 
M.Eng. Thesis: 

Catalytic Characteristics of the Keggin Type of 
Hetero poly acids 

B.Eng. 

Department of Chemical Engineering 
Dalian University of Technology 
B.Eng. Thesis: 

Synthesis of poly(ethylene-co-butadiene) using Ziegler- 
Natta catalyst and rare earth metal catalysts 
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To: 

JIANG Jl 

A HAWK DRIVE 

SALEM. NH 03079 



PCT 



NOTIFICATION OF TRANSMITTAL OF 



V. 



THE INTERNATIONAL SEARCH REPORT AND 



THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44- 1) 



Applicant's or agent's) £Ue reference 
000037663 



International application No. 
PCT/US 04/225 02 



Date of mailing, 
Cdny/monlhfyear) 



FOR FARTHER ACTION Sec paragraphs 1 and 4 below 



International filing date 

{day/monthfyenr) 14 July 2004 (14.07.2004) 



Applicant 
SI, JIANG 



1. 



Hie npplimal b hereby notified thai the in tern a tic * search 
have heen established and are Iraosmitte ' ' iv" v 



d the wriLtcn opinion ©f In© Iatemolionnl Searching Authority 



F»Iln£ oT amendments and sc^ 
The applicant is entitled, if he 

Wh*n?i The lime lirnilf 
| search report. 



nt «' 



tu- 



ition (sec Rule 46): 
Jale of transmittal afthe inL. ttionaJ 



Where 



1 



Directly lo 0m, 
1211 Geneva 



3. 



P 
□ 



For more detailed ins true 

i 



?.itional up, 
.eJib from 

Ttombd- • 

w 

V. 

ilablishcu thai the deelnralyn 



The applioani is hereby netif? 

Article I7(2)(a) lo that effect and iKc written opinion of the tolcrn«tionai Searching AuUioriJy am lrao= milled K^l ... 
With r^a^d to the protest againsLpayment of (an) additional fee(*) under Rule 40.2, (hn applicant is notified thnt; 

| | (ho protest together with the decision thereon haa 'been transmitted lo the Iniemational Bureau norther with the appliaant's 

request to forward the texts of both the profest arid tlie decision thereon Lo the designated Offices, 
I""] no decision hsa been mode yet on (he protest; the applicant win be notified m soon as a decision is mnde. 

4. Reminders 

Shortly after the JvpiraW of IS nun tha from the priority date, the international application will bo published by [he Lnteraalional 
Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international application, or of the priority 
alaim, must reach khe International Bureau as provided in Holes $0bi*.l and 90 bis 3 1 respectively, before the completion of the technical 
preparations for pJtcnialional pub licet Log. 

The applicant mJy submit eonsmcnts on an informal basis on the written opinion of the International Searching Authority to the 
International Bureau. The International Bureau will send a copy of such eommenU to all designated Offices unless an international 
pjrJffuinary exommation report has been or Js lo be established. These comments would also be mado available to the public but not 
before the qXpirntiUi of 3D months from the priority date. 

Within 19 month* from the priority date, but only in respect of some designated OjS&ees, a demand for international preliminary 
examination must (be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority date (in 
some Offices even Uux); otherwise, the applioani must, within 20 months tram the priority date, perform the prescribed acts tjor entry 



into the national p 



msa before those designated Offices. 



In rcepEci of other! designated Offices, the tone limit of 30 months (or Inter) will apply even ifnodemondis filed wiihin 19 asoftths. 

See the Annex to Form PCT/JB/101 and, for details about the applicable time I i mils, Office by Office, ice the PCT Applicant's Guide, 
Volume JJ, National Chapters and (he WIPO Internet aite. 



Heme ond mailing nddrjs? of the ISA/ US 
Mall Scop PCT, ArhK ISA/US 
Commissioner lor Patents 
PXKBoac 1450 

Alexandria, Vptfnia 22313-1450 
Facsimile No. (703) 3W-3230 



Anlhorizcd officer 
Ana M Fortona 



dr. 



Telephone Na (571)272-1700 



Form PCT/XS A/220 (January 2004) 



(Sae noras on accompanying shczf) 
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PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 



Tq: 




JIANG JI 




4 HAWK DRIVE 




SALEM. NH 03079 


> 



PCT 



NOTIFICATION OF TRANSMITTAL OF 
THE INTERNATIONAL SEARCH REPORT AND 
THE WRITTEN OPINION OF THE INTERNATIONAL 
SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44.1) 



Applicant's or agent* *| file reference 
000037663 



International application No. 
PCI7US04/22502 



Date of mailing 



24 0CT?flfH 



FOR FURTHER ACTION Soe paragraphs I and 4 below 



International filing date 

{fryfrnantHyenr) 14 July 2004 (14-07.2004) 



Applicant 
H JIANG 



The applicant b hereby notified that the international search report and live written -opinio* of Ihe International Searching Authority 



have been established und arc transmitted herewith. 



2. 



3. 



□ 
□ 



Filing of anundrnanta und statement under Article 19: 

The applicant ia entitled, if He co wiahca, to amand the claims of Ihe International application (ace Rule 46); 

When? j The time limit for filing such amendments is normally two montha from the date of transmittal of the international 
search report 

Where? Directly to the International Bureau of WIPO.. 34 chcmin des Colomheties 
121 1 Geneva 20. Switzerland, Facsimiles Nc: (41-22) 33a.B2.70. 

For more detailed Instruct tat*, see the petes on the ■xcoaipanymg AeeL 
The appiiolnt b hereby notified that no mteroaUeiialaearch report will bo established «id UuU the declaration under 
Ardolc I7a)(«) to that efibel and the written opinion of ihe International Searchm B Authority arc transmitted herewith. 
With i-ejrird tc Uie protest against payment of (an) additional fce(a) onder Rule 40.2. the spplioanl is notified that: 

Q the Jrotest tosethcr with Ihe dec man thereon hm been Iransmitled to Ihc International Bureau together wilh the applieanl's 

requestto forward the texts of both the protest and the decision thereon to the designated Offieei. 
PI no decision haa been made yet on the protest; the applicant will be notified « soon as a deoition ia made. 



4. 



Reminders 

Shortly after the 
Bureau 

claim 

preparations for international publication. 



4 v ^ ^ expiree* of IS months from the priority dam, Ihe international sppucntioa will be published by the ^aUonal 
>u. If mo applicant wishes lo pvoid or postpone mlbUeation, a n^cc of withdrawal of the internaUoaal applicalioii. of of the pnortty 
must renorJ the International Bureau oa provided in Roles 906ir.l and 90«r.3, respectively, before the completion of the technical 



Internal Bueeao. The mternauonal Bureau will a end a copy of sua. eomm^ to all designated Om^J^ ^^^J 
ordiminary erjunm atiw report has been or is to be established TV-csc comments would also be mad= avaiUbte to the pubhe mH not 



The applicant may submit commcnU on an informal basis on the written opinion of Ihe mtc^ona|JeA«ma^ Authority to the 

lo Into 

preiimtnsry exsmmaupp report 

before Urn ojepiraion of 30 months from the priority data 
With* 1? trtontL from the priority date, but only in respect of some designated OiEees, a demand tor intew&mal P^^ary 
examination muslbe filed if the applicant wiahes to postpone the entry into the national phase until 3 0 months from Ihe pnerstydaLc (ui 
seme Offices evek later); otherwise the applicant must, wfthln 10 months fro* the priority date, perform Ihe prescribed sets for entry 
into the nalional phase before (hose des ignatcd Office* - 

In respect of otbel designated Offices, the time Umk of 30 months (or Inter) will apply even if no demand h tiled wjlhen 19 months. 
See the Annex: (1 Form FCI7IB/301 and. for deteib about the applicable lime lanits, Oflice by Office, see Ihe FCT Applet's Guide, 
Volumo II, National Chapters and the WIPO Internet site. 



I 



Name and mailing arJdjpcss of the ISA/ US 
Man Step PCT, Attn: ISA/US 
Cog mi m" oner lor Patents 
P.O. Boa UfcO 

AleXsndaa, yu&i* 22313-1450 
Facsimile Na (703) 365-3230 



dt. 



Authorized oJSoer 

Ana M. Fortuna ' 

i 

Telephone No. (571)272-1700 



Form PCT/IS A/220 (JanWy 2004) 



(to* nates an accomptmytrtz thetf) 
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PATENT COOPERATION TREATY 

PCT 

INTERNATIONAL SEARCH REPORT 
(PCT Article 18 and Rules 43 and 44) 



1 

Applicant's or agent's! file reference 
000037663 j 


FOR FURTHER sec Form *cras a/ko 

ACTION 85 a H lIic * Mc » i 16 ^ 5 below. 


Iriternaiioual application No. 
PCTAJS04/22L502 1 


International filing date {deryfmonthfyear) 
J 4 Xoly 2004(14.072004) 


(Earliest) Priority Date (day/month/yearj 
16 July 2003 (16.07 J003) 


Applicant 
Jl JIANG 





■ I 



This international Jarch report has beer, prepared by this International Searehing Authority and is transmitted to die 
applicant according to Article 18. A copy is being transmitted to the Wemal.onal Bureau. 



aaumn 

This international search report consists of a total of J_Sl sheds. 

(>3 Itj 19 als o accompanied by a oopy of eacri prior art document cited in this report. 

Basis of the Report 



With regard to the language; the international search was earned out on the basis ox 
[X] . the international application in the Language in which it was filed. 



a translation of the international application into — 

of a translation furnished for the purpose* of international search (Rules 12.3(a) and 23.1(b)) 

With (egardto airy nucleotide and/or amino acid sequence disclosed in the international application, see Bo* No. L 



, which is The language 



2. 

3. 
4. 



Certain claims were found unsearchable (See Bex Mo. U) 

^ UnitylpI invention is lacfcng (See Box No. m) 
With regard in the title, 

^| the tff a is approved as submitted by the applicant. 

I"! the t*p has been established by this Authority to read as follows: 



5. 



With regard |to the abstract, 

| the text is approved as submitted by the applicant 

e — I 




6. 



tne text is approvou re suui«"*« "j ««• 

the ito has bean established, according to Rule 382(b). by this Authority » it appears in Box No. IV. Thc appUcam 
may. within one month fiom the date of mailing of this international search report, submit comments tn this Amhonty. 

* 

With regard eo the drawing, 

a, the figure of the drawing? to be published with the abstract is Figure No. 1 

| | ! as suggested by the applicant 

PI) as selected by this Authority, because the applicant fciled to suggest a figure. 
Efl as selected by this Authority, because this figure better characterizes the urvenaon. 

b. Q nam of the figures is to be published with the abstract. 
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INTERNATIONAL SEARCH REPORT 



International application No. 
PCTAJSO4/22502 



Box No. H Observation* where certain claims were found unsearchable (Continuation of Item 2 of first sheet) 



This international search report has not been established in respect of certain claim* under Article I7«« fcrthcfbllowmgreesoas: 
1. O Claims 



Nos.; 



because they relate to subject matter not required to be searched by this Authority, namely. 



2. 



Claims 
because 
an extent 



they relate to parts of the international application that do not comply with the prescribed requirements to such 
that no meaningful international search can bo carried out, specifically. 



Claims Nos.: _ . - n , t Ar ~ 

because thoy arc dependent claims Mid are not drafted in accordance with the second and Unrd sentences Of Rule 6.4(a). 



Box No. m Obse rvations where unity of invention is lacking (Continuation of item 3 of first sheet) 
This International Searching Authority found multiple inventions in this international application, as follow*: 
See USPT0299 (ATTTACHED). 



I. 

2. 

3. 



□ As all required additional search lees were timely paid by the applicant, this international search report covers ail 
searchable claims. 

□ As all searchable claims could be.searcl.ed without effort jostiiying additional fees, this Authority did not invite 
paynJent of any additional fees. 

□ As oily some of the required additional sewch fees we* timely paid by the applicant, this international search report 
~" covers only those claims for which fees were paid, specifically doims Nos.: 




4 l*j No required Additional search fees were tin*Iy paid by the applicant Consequently, this .ntematiopal search report is 
restricted to the invention first mentioned in iha claims; it is covered by claims Nos- 1-9 

! 

Remark «i Protect □ The additions! search foes were accompanied by the applicant" s protest nod, where applicable, the 

payment of a protest fee. 

□ The Mldhiona! search fees were accompanied by the appUcant's protest but the applicable protest fee 

was not paid within the time limit specified in the imitation. 
| | No protest accompanied the payment of additional search fees. 
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INTERNATIONAJL SEARCH REPORT 



International application No. 



PCI7USQ4£2502 



Box IV TEXT OF THE ABSTRACT (Continuation of Item S of Aib first sheet) 



The technical features mentioned in the abstract do not include a reference sign between parentheses (PCX Rule 8.1(d)). 



NEW ABSTRACT 
A defect free semi 



.ipermeable membrane ((Fig. 2) ) having excellent integrity and Ugh water poimeab Jity is provided. Sard ^P™* 
membrane comprise an inside support layer (20) to provide sufficient mechanical snenjth. and oots.de barner Uyer (21) to. provide 
selective separation and a middle Uyer (22) to provide both chernieal and physical Ending between the support ar^^temcr 
layers. Three different methods for making said defect free sre disclosed. These methods hare been successfully utilized * P^du« 
high quality coatings Lid defect tree composite membranes, which are independent of cherrucd compositor, and physical structure of 
said support. In the jWnt invention, the ultrasonic sonificalion is Utilized to enhance mass transit and t° =P»duP *= J*** 

oJ 0 membrane easttagsoludoaarrf to produ.^ 

. : .. . . r™ m f,1trafinn r.rfraitruic«L wine, and milkto 



inversion process 
prior art. Said defect 

purification of drinkiag water, and municipal and industrial water. 



free composite membrane have broad applications, ranging from filtration of fruit juice, wine 



FormPCT/£SA/210 



(continuation of first shcet(3)) (April 2005) 
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INTERNATIONAL SEARCH REPORT 



International application No. 
PCTAJS04/22502 



A CLASSIFICATION OF SUBJECT MATTER 
ScL : Im^mSyOQ^S, 500.41, 500.36* 50042; 264/4 1. 216; J: 96/4, 10, II. 95/45 



B 



rdi na to International Patent Classification (1PC\ or to b ath national rlewiflT*"" 1 « rtd EQ 
FIELDS SEARCHED 



Minium docunumtatons^ 0 , M « 
U.S. : 210/490. 5b[>.27. 50035, 500.41. 500.36. 500.42; 264/41. 216; 428/310.5; 9674. 10. II; 95/45 



Documentation scaled other than minimum documentation to the extent that such documents a* included in the field, seanAed 



Electronic data base 



^dteddomigtheiQlefnatioaal se«ch(name of data has* and, where practicable, srarch mm* used) 



C, DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Y 
Y 



Citation of document, with indication, where appropriate, of the relevant passage 



XJS '5 914 039 AfMAHENDRAN et al ) 22 Juno 1999, column 3. lines 52-63, column 7, 
Unes'ia-33. column 6, lines 21-39, column 8 r lines 30-34, column 7, second paragraph, 
colunJn 1 1. lines 39-54, claim I, and column 10. lines 45-56) 



US 5,066473 A (STROBEL et al ) 06 June 1998. column 5. lines $-6\, abstrace, column 4. 
linos >-20 and last paragraph. 

US 3jS76, 193 A(COOPER et al) 1 1 July 1972. claims 1, 8,-1 1, and 21, entire disclosure. 



Relevant to claim No. 



1-6,8.9 
7 

7 

2, and 4 



I - ! Further doouLnts « listed in the continuation of Box C □ S«s patent tody annex. 



"A** 

XT 



Special catepwiis of eked daewncnts; 

docurneni dnOrtinL «i« B^f^l sbtc tf (fra art ^ilWi h not corned M b* aT 
parucoiar relovmae 

earlier application or patent published on cf tftar (he klcrnatinrial flit* dote 

docuxiwnt wfafchiwy throw doubt* en priaritjr clzcnCi) or winco » efted to 
establish (he publicttiMi dale o£ another cilation or other ipecia! rrtaon <as 
specific d)- 

docunwl re&xfig ta an crtl disclosure, uae, eAiltttlon ox olhcr means 

document pibliibcd prior to D* cuematjDrwJ CUng date bi* tab*- than the 
priftrdy doU cla^nfid 



later dooument publkhed after the international tils* date or I**nty 
data and not a» confliet wah the appltosjenbi* ckod to undwsUncJ Lha 
principle or theory VOdcriymg foe mVenlian 

docuiKntorF^tkvIvnj!(^W»i Ibe claimed aaVcOfjon camot be 
conitierad novel or cannot be oorokfcred to iflHrtvewiawentivertcp 
when tha doeOJtent is taken ■lone 

rioc\iay^ofp2rtbuhri^cvanc3; Utt> Hab»ditlvq<iDncaraiat ba 
conOdexed to aTYeJva an awantim *ep when Ihe document P comnair* 
Willi ana or mot* cthor at** document^ slMAcnrifce^on being 
obvious to a petaanaldllcd p ibc oit 



Date aftiic actual completion of the international search 



28 September 1005 r28.09.2005) 

Name and mailing address of the ISA/US 
Mail Sio^PCT, Alto: KA/U3 
for Patents 

P-O.Bo*|M5a 

VirtJela 22313-1450 

Facsimile No. (703) 305-3230 

Form PCT/ISA/2lO](second sheet) (April 2005) 



Date of mailing of the international search report 



Authorized officer 
Ana M. Fortuna 
Telephone No. (57 1) 272- 
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IbnreWATIONAL SEARCj 



PATENT COOPERATION TREATY 

KG AUTHORITY 



To: 

jiang n 

4 HAWK DRIVE 
SALEM, NH 03079 



I 



PCT 



WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis. 1 ) 



Applicant's or agent's file reference 



Date of mailing 



FOR FURTHER ACTION 

See paragraph 2 below 



000037663 
International appneat 

PCT/US04/22S02 


tOnNo. 


International filing date (dayfaanthfyear) 
14 Tnly Tnnd M4 07J2004} 


Priority date {day/montWycar) 
16 July 2003 (16.07.2003) 


International Patent C 
IFCf7fc BO ID 61/00 


^ossification (ffC)t 
63/00 and US Cl.:' 


1/ both national classification and IPC 

50027, 500.35, 500.4 L 500.36. 500.42; 264/41. 216: 428ft 10.5; 96/4, 10, 11; 95/45 



Applicant 
Jl JIANG 




L This opinion contains indications relating to tbe fallowing items: 




□ 
□ 




□ 
□ 
□ 



Box Ho 
BaxNoJll 
Box No J in 
Box No. IV 
Box No! V 

BoxNo VI 
Box Not VII 



BoxNcl VIII 



Basis of the opinion 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability . 
Lack of unity of invenrion 

Reasoned dement Under Rule 43**.l(aX0 with regard to novelty, inventive Step or industrial 
applicability; citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Certain observations on the iitternaiional application 



1 FURTHER ACTION 

If ■ demand fik P**-> ^S^.^ZtZ ^J*^* SEEKSt 

that written opinions of this International Searching Authority w,U not be so considered. 



If this opinion^, as provided above, conned to b. a wdUen^n ^ 
IPEA * written reply together, where appropriate, with amendments. 

of Form PCT/iSAmO or before the expiration of 22 months from the priority date, whichever expires later. 
For further options, sec Form PCT/ISA/220. 



3, For further de4ils, sec notes to Form PCT/ISA/220. 



Name and mailing address of the ISA/ US 
Mall Stop PCTi; Attn ISA/US 
ConunW wer for Patent! 
P.O.BoaUSO 

Akxandak Vngini* 22313-U50 



Facsimile Np. 



305-3230 



Date of completion of this opinion 
28 September 2005 (28.09.2005) 



Authorised officer U 
Ana M- Fortuna ^Jf- 



Telephone Ho. (571) 272-1700 




Form PCT/ISA7237 [(cover sheet) (April 2005) 
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SVRtTTBN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



i r 



International application Na 
PCT/US04/22502 



Box No. I Basis of this opinion 



1. With regard to the rknguage, this opinion has been established an the basis of: 
^ th£ intemaiional appliofition in the language in which it was filed 

|~~] a translation of the international application into . which is the language of a translation furnished for the purposes of 
Internationa search (Rules 12.3(a) and 23.1(b)). 

2. With regard to any nucleotide and/or amino add sequence disclosed iathe international application and necessary to the claimed 
invention, this opinion has been established on the basis of: 



a_ type of material 

□ a sequence listing 

Q tablets) related to the sequence listing 

b. form at of malerial 
("1 OH pa aer 

in electronic form 



e. 



3-D 



time of eiiij^furnbhing 

[ j contained in the inter national application as filed. 

PI eied together with the uitornational application in elecfconie form- 

LJ furnished subsequently to this Authority for the purposes of search. 

• 

In addhio J in the case that more than or* version or copy of a sequence listing and/or tables) relating thereto has beenfiled 
or fombhek the reouired statements that the information in the subsequent or oddiuorial copies is identical to that m the 
application^ filed or does not go beyond the application as filed, as appropriate, were fcrnished. 



4. Additional comments: 



Form PCT/ISA/237(Bo*No. I) (April 200S) 
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INTERN 


WRITTEN OPINION OF THE 
\TIONAL SEARCHING AUTHORITY 


International application No. 
PCT0JS04/22502 


Box No. IV Lack [of unity of invention 


\, InrespOOS 

n pJ 
n ^ 
□ p. 

2. Q This Aulhc 

pay ad clitic 

3, This Authority c 
(~l complied > 


; to the irritation (Form PCT/ISA/206) to pay additional foes the applicant has, within the applicable time limit: 
id additional fees 

id additions! fees under protest and, where applicable, the protest fee 
id additional fees under protest but the applicable protest fee was not paid 
t paid additional foes 

rity found that the requirement of unity of invention is not complied with and chose not to invite the applicant to. 
nal fees. 

msiders thai the requirement oruntty of invention in accordance with Rule 13.1. 13-2 and 13.3 is 
vith 




not complied with for the fallowing reasons; 
See the lack of uniiy section of the International Search Report(Form PCT/ISA/2 1 0) 




• 



4, Consequently, this opinion has been established in respect of the following parts of the international application: 
[~| all parts 

the parti relating to claims No a 1£ 




Form PCT/TSA/237 (Box No. IV) (April 2005) 
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WRITTEN OPINION OF THE 
INTERNATIONAL SEARCHING AUTHORITY 



International application No. 
PCT/US04/22502 



Box No. V Reasoned statement under Rule 43 &£r.l(a)(i) mth regard to novelty, inventive step or industrial 
applicability; dtations and explanations supporting such statement 



1. Statement 



Novelty 



(N) 



Claims 7 



Claims 1-6. 8-9 



.YES 
NO 



I 

Inventive step (IS) 



Claims NONE 



YES 



Claims l-9_ 



Industrial applicability (IA) 



Claims NONE 



Claims NONE 



_YBS 
NO 



2. Citations and explanations: 

Claims 1-6. 8-9 novelty under PCX Article 33(2) as being anticipated by 
Manendi™ ct al (US 5,914,039Xhereinafter V39). 

Patent <039 discloses a membrane including the elements (iH"i) as claimed in claim 1 (Fig. I , elements 39, 37, 37, and 38, column 3, 
lines 52-63, column *?i fines 18-33. column 8, lines 21-39). 
Claim 2 is also disclosed (column 8, lines 30-34). 

Re: claim 3, the middle layer is formed from organic polymer, eg, hydrophilic PVDF (column 7, second paragraph), 
limitations of claimsj4*6 are further disclosed in patent '039 (sec column 7, lines 1-36) 

Re: claims 4-6 and fijthe membrane in tubular or hollow fiber shape is disclosed (column 1, lines 1 1-26, column 1 1, Unas 39-54, claim 

i). 

Re: claim 9, the claimed membrane properties arc disclosed in column 10, lines 45-56). 

Claim 7 lacks an inventive step under FCT Article 33(3) as being obvious over Mahendran ct al (5,9 M,039XhereinaTicr 'patent 039) as 
applied to claim I ab^vc, and further in view of Strobel ct al (5, 766, 473Xhereiruifter patent '473). 

Patent t)39 discloses film formation of the claimed membrane composition, coating spheres or particles with me particular support is 
not disclosed. It woiijd have been obvious to one skilled in the art at the time the invention was made to use any support, e.g. flat, 
tubular, or particles for the membrane depending on the intended use, spherical membrane or particles will be suitable for example 
Infiltration in packed Columns or in chromatographic separations. Patent '473 teaches hydrophilic porous particles or Spheres including 
a substrate and a coating of hydrophilic membrane (abstract, column 4, lines 3-20 and last paragraph); the substrate materials are also 
disclosed (column 5, lines 5-61 )- It would have been obvious to one skilled in the art at the time the invention was made to use a 
polymeric substrate \ jith spherical i shape, as disclosed in f 473), to support the membrane of '039, depending on the desire configuration 
or intended use. As to claim 1 1, other configurations, such as tubules (e.g. flat or oval shape tube, it would have been obvious to one 
skilled in the art at the tune the invention was made, and can be ached by shaping or molding the polymeric support before coating, 
si ace the support is flpdhlo, modifications of the membrane diameter shape can be within the knowledge of the skilled artisan. 

Claims 2 and 4 lack dn inventive step under PCX Article 33(3) as being obvious over Mahondran et al (5 r 91 4,039)(hereinafter "patent 
039) as applied to claim 1 above, and further in view of Cooper ec at (3.676, 193X hereinafter patent '193). 

Patent *039 fails to disclose the coating solutions of different polymers, as claimed in a second embodiment of claim 2. Patent r l93 
teaches a braided support impregnated and coated with a first polymer, coating the support to form a layers on the braided polymeric 
material, and further using the coated support to canst a film of an additional polymeric membrane, to increase the thickness of the 
membrane Is disclosed (seed entire disclosure, in particular claims I, 8-1 1, and 21 X Based on the discussed teachings, it would have 
been obvious to one skilled in the art wishing to have a composite membrane on a braided support with distinct layers of polymer, to use 
the treated support of 193. which contains a layer of rwrymer, eg. pejyepexy, polyurethanc, etc (column 8, second paragraph), as 
support, and further cjast the membrane with the hydrophilic membrane of 1039, t.g. to provide strength to the membrane, and inherent 
(as produced by cpoxjy polymer, as claimed in claim G ) easier binding between the hydrophilic. 

■ 

■ 

i 
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CHAPTER I 
PCT TELEPHONE MEMORANDUM 

FOR 

LACK OF UNITY OF INVENTION 



PCrNo,:PCT/U504/22502 
Examiner: Ana M. ^rtuna 
Attorney spoten to: JI JIANG 
Date OF call: 28 Se rtember 2005 




| ) Amount of payment approved: 

I | Deposit account number to be charged: 



|~1 Attorr 



ey elected to pay for ALL additional Inventions 



Attorr ey elected to pay only for the additional inventions covered by 
Group(s): 



encompassing - 
I I Oaim(s): 

Attorney eledted NOT to pay for any additional Inventions, therefore, only the first claimed invention 
(Grotj) I) covered by Clairn(s) tr9 has been searched. 

Attorhey was orally advised that there is no right bo protest for any group not paid for. 





g| Attorney was orally advised that any protest must be filed no later than Imonfli from the mailing 
of the Search Report (PCT/ISA/210), 



Time limit A Protest 

Applicant is hereby given 1 month from the mailing date of this Search Report in whldi to Rte a iprotes t of the 
holding of lack of unity of InvStton. In accordance with PCT Rule 40.2, applicant may protest the holding 
of lack of unity only with respect to the group(s) paid for. 



Detailed 



i 

lied Reasol 



please See ConbYiuation Sheet 



s Far Holdind Lack of Uni ty of Invention: 



Nolo: A copycftfus form must be attached to the Search Report 



USPTO/299 (August 1997) B 
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International application No: PO7US04/22502 

ATTACHMENT TO CHAPTER I PCT TELEPHONE MEMORANDUM 

FOR 

LACK OF UNITY OF INVENTION 




Continuation of Detailed Reasons For Holding tack of Unity of Invention: 



This application contains the following inventions or groups of inventions, which l are m>l so linked 
invendve concept uijder PCT Rule 13- K In order for all invenfions to be examined, the appropriate additional examination 

fees must be paid. 

Group I claim(s) t-S T drawn In a composite membrane. 



Group II, claunfs) s 



10-14, drawn to a method of making a membrane. 



Group H claim(s) 1 5, drawn to an apparatus. 



Group IV. claim(s) 



1 8, drawn to a process of using the membrane. 



The inventions list* d as Groups I, II, 01, and IV do not relate to a single general mvenUVc ^^^^^J^ mc 
because, under PCT Rule 1 3.2. they lack the same or corresponding special technical features for te tM «—J J 5 
I^^rLim I lack the composition, the control of the coating thickness, the speed of collection and the removal of 

iS~*e f^spinnerer and "multiple U* which 
1. 1 or IV. Group IV does not include any common * 
JoTp l tteprocess of making the membrane, or the apparatus of group D. and is j usl directed to usmg a membrane for 
multiple Quid separation alternatively. 



Note: A copy oftlhis form must be attached to the Search Report. . — 

US PTO/299 (August 1997) 6 
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! NOTESTO FORM PCT/ISA/22Q (continued) 

The letter muy indicate the differences te^JJ -SL2m tolf talen^i^ 
particular, indi^te. in connection with ^J^"^ whether 
thai identical indications concerning several claims ma> °q gruu^ k 

(i) the daira is unchanged: 

(u) the daim is cancelled; 

iiij ihc diim is new: 

jsvj the cbim replaces one or more claims as nled; 

ivl the claim is the result of the division of a claim as filed- 

claimslu.33 »d 36 uncbanged: new claims 49 to Sliced. 
:. [Where ongin=].y mere were . 5 eUim, and after amendment Of all claims there are |- 

"Claims I to I? replaced by amended claims I iq ll. . . , . 

, (ST^Pilv -re .< daims and the amends consist in canceling some dam* and - 

-Claims? lo 15 cancelled: new claims 15, 16 and P acktetJ, all oiner 

[Where vinous kinds of amendments are made): . . i4 l5 ^ ifi replaced by amended 

"Claims 1-10 unchanged; claims 1 1 u 13. I B : wd 19 canc|l!ed. claims 14 ^ ^ rep. ^ 
claim 14: ^laim I? subdivided into amended claims i>. to ana i /, « 
-Statement Jodcr Artiele 19(1)" (Rule 46,4) 

^e'TJe^ii mil be published si* die international application and me amended daims. 
I. must be in!.be Is^ng. in "hich the International application b to be pubfahtf. 
ft mas, be brief, act exceeding 500 words if in English or it plated mm E«h* 

nrefcrtbly bji using the words "SUtemeni under Article I9< I )- 

report may be m*iTonly in connexion *.m an amendment of that claim. 



-I. 



Conseqneneeiradem^r^inlernnHonatp^nmin.ryexamina.ionbasa.readybeenf.ted 

,r. a, me ul of fling any -mendm^ ^ -^^^^ or 
.atemaiionallprelizninary examination has already "»J5^To*£« also file with the tammational 

. nrih . .nrprnaiional aDolicaoon ror entry Into the national phase 
Consequence with regard co translation or the .n«rnalionaJ nppucawc . . f . 

td«!ft , Jsri Bffisasi!ftl!a4, 

Volume II. 
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